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Introduction
The study of solid-liquid phase equilibria is very important in food and pharmaceutical chemistry because most materials used are composite materials consisting of two or more constituent materials with significantly different physical or chemical properties. In the food industry, citric acid and tartaric acid are known as the food additives E330 and E334, respectively, while in the pharmaceutical industry they are known as excipients. Citric acid is a natural compound and is used as an antioxidant and preserving agent in the food industry. In the pharmaceutical industry, citric acid is used as a stabilizer of active ingredients of preparations and as a flavor additive in tablets [1] [2] [3] . Tartaric acid is mainly used in the food, pharmaceutical and cosmetics industries [4, 5] . Tartaric acid, in either the dextrorotary or racemic form, is used as a flavoring in foods and beverages. In medicine, tartaric acid is rarely used alone and is a constituent of many proprietary granular effervescent preparations. In the pharmaceutical industry, a mixture of citric acid and tartaric acid is used to prepare the fast-disintegrating tablets of lorazepam [6] . For this formulation, a ternary mixture of sodium bicarbonate and citric acid and tartaric acid were preheated at a temperature of 80 o C. The aim of the present study was to obtain a solid -liquid phase diagram for binary mixture of citric acid and tartaric acid in order to determine thermal behavior of this mixture at processing temperature used in pharmaceutical and food industry.
Experimental procedure

Materials
Anhydrous citric acid (2 hydroxypropane-1,2,3-tricarboxylic acid) (≥99. 5%, Aldrich Ref. No. 251275) and (+)-Tartaric acid (2,3-dihydroxybutanedioic acid) (>99.5%, Aldrich Ref. No. 251380) were purchased from Sigma-Aldrich. Their melting points and enthalpies of fusion were measured using a DSC (Perkin Elmer). The melting temperatures of pure components were in close agreement with literature data and no further purification was done.
Mixtures with a known concentration were prepared by weighing and dissolving in water and slow evaporation of the solvent at room temperature.
Methods
The melting temperature and enthalpy of fusion of eutectic phases were determined by differential scanning calorimetry (Perkin Elmer Diamond DSC) under a heating rate of 10 degree/min over a temperature range (293-450) K. The apparatus was calibrated for temperature and enthalpy by melting high purity indium. The instrument was flushed with helium. Sample of 9 to 13 mg were transferred into aluminium crucibles which were sealed and weighed with the Partner XA balance with a precision of 10 μg.
The microstructure of pure components and eutectic was recorded by placing a drop of molten compound on a hot glass slide. The melt was covered with cover-slip and it was solidified unidirectionally. The slide was put on the platform of an optical microscope (BioLux Al, Bresser) and interesting regions were photographed.
Results and discussion
Determination of solid-liquid phase diagram
Before constructing the phase diagram, DSC measurements were performed for pure components and for binary mixtures. A typical DSC curves obtained for citric acid (CA), tartaric acid (TA) and binary mixtures are shown in Fig. 1 .
For the pure components only one melting DSC peak is found, while for the binary mixtures CA/TA two melting DSC peak were observed. The first peak which appears at lower temperature was attributed to the melting of eutectic composition and second one, at higher temperature, correspond to the melting of major component.
The melting points of the pure substances are in good agreement with the value published in the literature [7] [8] [9] . Physical properties of pure compounds and eutectic mixture are given in Table 1 .
The mixing process of two components is regarded as the ideal solution model and transition temperature is lower that of the pure components. An ideal eutectic mixture implies the existence of complete insolubility between the two components at all concentrations. Thus, according to the Schroder-van Laar equation [10] eutectic transition temperature of mixture of CA and TA can be calculated:
(1)
In this equation x i is the mole fraction of the components at the temperature T, R the gas constant, the molar enthalpy of fusion of component i and T fus,i is the melting temperature of the pure component.
The melting temperature of eutectic and liquid transition obtained from the DSC curves is presented in Table 2 .
The ideal phase diagram was compared with real phase diagram obtained from DSC curves and is shown in Fig. 2 as temperature -composition plot.
The experimental and theoretical solidus -liquidus curves do not coincide with each other, confirming its deviation from ideality and the occurrence of molecular interactions between condensed phases.
The phase diagram show that the binary mixture of CA and TA exhibits a simple eutectic behavior with a eutectic point at 409 K. More information can be obtained from the enthalpy of fusion of the eutectic composition. Thus, after deconvolution of the melting endotherm DSC peaks using the multiple nonlinear regression method, we constructed the Tamman diagram and obtain a characteristic triangle shape (Fig. 2b) . It is known that the Tamman's diagram provides a "thermodynamic" stoichiometry that may 
Thermochemistry
For the simple eutectic system heat of fusion can be obtained from DSC endotermic peak, (Δ fus H) exp , or from mixture law, (Δ fus H) calc , [13] if the eutectic is a simple mechanical mixture of the two components without any type of association in the melt:
were x 1 and x 2 are the mole fraction and and are the experimental value of heat of fusion for citric acid and tartaric acid, respectively.
The value of enthalpy of mixing,
, of the eutectic is given by the following equation [14] and are presented in Table 1 : Thermodynamic study of binary mixture of citric acid and tartaric acid where is the heat of fusion determined experimentally from DSC curves and is the corresponding calculated value.
The negative value of heat of mixing (-2.67 kJ mol
), suggests the formation of clusters in the eutectic melt. This is possible because the molecules of TA and CA contain hydroxyl group and can associate by hydrogen bonds. Exothermic mixing indicates a tendency to ordering between the two components.
In order to know the nature of interaction between the components forming the eutectic the excess thermodynamic function were calculated [15] :
were x i , and are the mole fraction, activity coefficient in the liquid state and the variation of logarithm of activity coefficient in the liquid state as a function of temperature of the component i.
The activity coefficient of a component i present in the eutectic melt, neglecting the difference for heat capacity of the liquid and solid phases, can be calculated from equation [16] : (7) where x i , , and T fus,i are the mole fraction, activity coefficient, heat of fusion and the melting temperature of the component i, R is the gas constant and T is the liquidus temperature.
The solid-liquid phase diagram obtained from experimental data do not coincide with theoretical one and confirms the deviation of the system from ideality and the occurrence of molecular interaction between condensed phases. The activity coefficients determine the mixing behaviour of the system in the solid state and in the liquid state. The values of activity coefficients and excess function are given in Table 3 and graphically drawn in Fig. 3 .
The positive values of excess free energy, G E , predict that molecular association between like molecules is stronger than between unlike molecules [17] . The negative values of excess entropy for the entire composition range indicates that in the case of citric acid + tartaric acid system there is a negative deviation from ideal behavior [18] .
Microstructure
The interactions that can occur between the molecules affect the values of enthalpy and entropy of fusion of pure components and eutectic mixture. The entropy of fusion were calculated using the following relation:
The growth morphology from melt depending to the nature of solid -liquid interface and can be predicted from the entropy of fusion value. The predicted structure is related to roughness factor (α) which is closely related to entropy of fusion by the equation [15, 19] :
The crystallographic factor î is usually less than or equal to one and represents the fraction of total number of neighbors situated in the newly formed layer, while is the entropy of fusion in dimensionless units. 
The values of entropy of fusion and Jackson's roughness parameter are presented in Table 1 . The value of α being higher than 2 suggests a faceted morphology for the eutectic system.
The microstructure of the eutectic phase, recorded on a microscope, is presented in Fig. 4 to compare with microstructure of the pure components.
The microstructure of the eutectic system shows a feather morphology where the two phases are grown almost together.
Conclusions
The phase diagram study of the binary system of citric acid -tartaric acid shown the existence a simple eutectic with 0.38 mole fraction of tartaric acid. The negative value of the heat of mixing, suggests the formation of cluster of molecules. On the other hand, the positive value of excess free energy indicate that molecular interactions between like molecules is stronger that between unlike molecules. The value of Jackson's roughness parameter, suggest that phases grow with faceted morphology. The microstructural studies of the eutectic system show a feather morphology.
